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BH Interior from quantum Information

○ The Good of BOI groups IS to der ive a consent Semi Classical

descriptive of BH Interior from quantum Information theoreticp.int of view

○ Such a descriptive is particularly important for the Physics of

Eva porating BH
.

• This is because
,
ana ive Semi Classical descriptive of BH ans to

Controldid with Unitaray of UnderKing quantum Theory in the Process



ER = EPR ( Moldaana and SwissKind )
で

Eutanglewent in Gravity
"
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、 genetic Manifestoton

S partialwww.hdespatialwormhde
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( Einstein Rosen Bridge) for an evaporativ.gl?H(A:BHmicrostateSB:Hawkingquanta
⇒ Indicatest exw.net WH Connecting BH and Hawkins Red

In his Talk
,
I would He to exp Ian the rde of ER = EPR

www.hde for closed Universe
.



Information loss Paradox ( Entry Paradox )

・ Evapdoing BH + Hartk Hawkins State ( QFTate)
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L : degrees of Freedom in de BH Interior cf.SP.ie#ofBe1lpirs

た 出 dud by iuwwadexu.ir

• Due to the evenportion, M→ O : p → 0 S ( PD = 仙 ( p ) kaps Inareasは 。
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→ Infinity many States inde BH Interior ( に of QFT) . .
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Island regions in BH Interiors

The entry Paradox is reduced if the Island reg Ion in the BH Interior

Hong s to Indiaton degrees of Freedom

.

Hawking
礴
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Island regiou : Eatagent Wedgeof
hadratiow

→
This structure hardly toHours from A.IS/cFTaudHEEfomla



a Companion HB Ha and an Gang! d State on IT
,

Usual idea The Island formda

樋が
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BH Interior = EW of the BH EW of Hawkiyradiati.in
⇒ Contracts with unMany ⇒ Constant with Unitany

The Island formda : The entry of Hawk iugradiat.com is computed byte following da

S (PR) = min 恥 [ A [扛]
4G

+ Stalk QFT [ IU R ] ]I

SPD
'

Conputd in this Way is Constant with



Entanglewent between Two d is Joint UniverseS [ Bawww.anka.TO]

A case Way to formdate the Island Formula is the following
Considertwodisj.int Universe A andBEE
⇒ QFTH.lkrt Space HaFT

、 A
⑦ HQFt 、 B
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Universe A Universe B がTFD State pcharaaorizesev.tndemo
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Result ing eutrcopy is consent
with Unitarity

.

. Hawkins
.

SPD i result
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A EE cnet.SI/p=TC=BHInterior

Where is the www.hdecounectiug BH and Hawkins Rod ? ?

> Invisible because Turn of Gravity on B ( the Universe for )
Hawkins rad



Eutauglewent between Two framing Universe [ Nananainan
,

Kar 、
TU]

ER = EPR www.hdesshowupwhewwecousider When both of

the Universes are

gravitating.mn
www 冏 =

十 平
臥

1 広 の 1 4名

MMNW t Hai
.
A
の HQFT B

www B
A

gravitatinggravitativ.gr

⇒ The eutanglemw-eutropyis.com puted by the Generalizedentropyontehewspaatimeconstructedbysuitab.lygluing A and B
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A / B is the Solution of Einstein
'

seqs wth the Boundare
Condition

( Explicitcak.la#ons are possible in 2D JT Gravity )

。 Typ ica Hy the result ing Space tune Conteins along WH region
ConnectMy between the tw。 horizo

www.
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( Related Study using SYK by Numasawa )



A doubldyhdogr.ph ic Set Up [ in Progress with Myers and Ran ]

One au SolographiCally Study andorgans System using 3 D

asynptotic.ly/tdSBH3Dho1ogrophicdescriptou( Eternal BH with L- R bandany
L R

•
.the Enoughd State on (Warm Phase )

• ・

Equivalent
p→ 0<→

*。。しいて謀 ( Hot Phase)
A B

.*

[ Bachas . . . ]
in 2 D setap

• Breaking を2symue.tn/:goesbeyondAdS/BCFT..Bothcounectedauddiscouneoted Phases are defined on BR

⇒ different from Hawkins - Page transition



Applications to closed Universe .



the Island Formula for de Sister ! 広パ 三点
・ We have been foousing on BHs in Asymptoticc.lk/tdSorflat Space
Where We have a Weekly gravitatiugregi.ru for orbitany Candy did

⇒ Val i dates the non- gravitatingassumpt.ru/Gr0inHawkingradiato)
→ ER = EPR www.hokplaysalessrole in these setUp

However for closed Universe He de Siter Space ,

thee is www.klygraritatingregionforgeerictimedice

→ To audyeutangk.net Structure invoting dS ,
We had to Turn on Gravity on both A and B



Na ive Island formal a for dS [ Balasubrawanian.kar.TO]
See also [ Madonna et

.

al ] [ Hartmon et al]

冏 = 満 平 e
"

I i〉 の 1 4で
A B

Universe A Universe B t Hai
.
A
⊕

HQFTBdsgravitatiugnougravit.ing

The same set Up
with the previous ⇒ S (g) is aga.uapre

d by the Island formal a
cone by replaang Acts BH to

IS

But S ( PA) = O Always . . . → dim Has = 1 ? ?

Indeed the Island regand S Covers are Candy dia .



In the Present Work , We are Study

iugentav.glewent between d S and A d S BH



Entangkwent between d S and Gravity Universe

are
Again wearyw that the entry is

computd by the Generaliadentropyon.MN
constread by gKing deKer and A d S BH

Universe A Universe B

dsgravitatiuggravit.ing

Recipi for A / B

(1) We Start from a they admittmg both d S and AdS vaaa

V19)

I = H (R + T- V19り kyf
ds i



(2) Thewww.hdecounectingthesetwocanberegardedasadomainWall Solution Connecting two Vaaa

こ、、 → こい、
WH

Endidean dS Endidea AD Endidean dS Endidea AD

(3) When p→ 0 the donein Wall gets their and approxinatedbyo.brae

⇒ Use Israel
'

s Junction :

ds ~ Acts BH with

dsbubbkinside.bubbk.br
are

detail s of the Construction is Wde ve d even in JT [ Mir hahaYi ]



From End idean to Lorenzo
'
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By containing along the reflectlonsymetricdieweobto.in the
Lorenzoan

geowetry.is
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From End idean to Lorenzo
'

an

In order for Such a geowe.tn/CoutaiwC0smdogica1horizon,WewedSds7SAdsBH

i Mii ) !i.mil
BHhorizoncosmdogi.clhorizow

: Kelly minimum

: Holly minimum

QES~mh_TCThn~SPAJ~2SA.IS川で

mnnn ⇒ Suggests Has is non -Vivid

A B because nous Has の HAis n H

When Sdsつ SANBH .



Relation to the result on v N algebra for dS

・ It has been argu.cl v N algebra for d S becomeShoutn
'vid

Only When We include Observer and its gravitat.ind infection

with dS , [ Pennupon Written - ]

・ In Our case 、 A dS BH Plays a rde of Observer
.

a Perhops his is the mason Why We have non Trial Has

inthis case
.



What happears for S as 〈 SA BH ?

Ghad geometry
A B Still exist S

,
but it does not Corean

Cosmologicdhorizoh.tn Has Haas BH is i ll defined ?

⇒ Relation to dS entaugled with reference System with A dof

( Na ive Island Formula )

) () ( ・ ~
EE AT

EE dS Acts BH
dS reference System Sas 〈 SAds BH

gravitaugwn.grcutting Gravity



Condusiou

○ We Study eutauglewent between dof in closed Universe

and Ads BH .

○ the Hubert Space of closed Universe is frag.ie Against

enagent with a larger HiHart Space .



Possible Projects

(1) Quantum Information theoret ic descriptive of de Sur Space
Microsopic mod ?

(2) How done get 10cal Semi Classical descriptive of BH Interior ?

Do weed non - isomeTrio Code ? Is itw.twal from QI print of View ?

(3) Physics of haby Universe and Quantum Error Connection 、

(a) Changing : Experimental realizak.aton of quantum BH
?

⇒ RecentH developed notIon of
:

Paulo Random States
"

seenS Promising.
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